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Preliminary Investigation

2, First Phase = N
Surveyors a.i'; 165 Bu:.ldlng hagd previously reported that
localized spot;s of ‘significantly high activity had been noted in the

vicinitf of the reactor building and fan house, It seemed logical,
'then to use th:v.s area as the start:.ng po:Ln'b for the investigation,
Sca.nm.ng of th:.s v:r.c:mlty with a Vietoreen 263 (G detector) :.nd:.cata-l
ed that 1ocalz.zed spots of high activity, such as prew..ously noted,
could frequently beﬂfot_)_.qdo In most gases these eould be showm to be
due to one, or a few discrete particles. These results §uggested

that the reactor was a probable source of particulate contamination.

a I"urtpemore, during the removal of ruptursd slugs from the
reactor m?:tréz, it had been noted that v:isible clouds of dust were
swept from the channels 'by_ the air when the slugs were moved, Con-
s_eguentiy, an oil-soaked, eloth;covered probe was inser'ﬁe& into the
effluent éix;_‘ duet to capture any entrained particulates by impinge-
ment, On :egloval after fouz_' days the probe read 200 mr/hz: at 1.5"
by means of a Q) (thru side wall of chamber). This activity decay-
ed to 20 mr/hr in 2} hours, Washing in CCl, removed large numbers of
pa:rticn'lates-;,, both active and inactive, which had impinged.on the
cloth:y, Thu5 , it had been established that the ground surface was con-
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taminated by‘ra:dioactiye particlés, and that some, at least, were
.being ;ii_scha.rged by the reactor. However, the extent of surface con=
tamination, the rate of d;‘i.sc];arge of particles from the reactor, other
possible sources of part:.culate contamination, and the nature of the
particles were sta.]l nnknowno Although it was not believed 'bhat a2
serious cond:.'b:.on emsted it seemed des:rable 'bo pu'b forth 2 concen-
" trated efi’ort on the problem in order to secure an early angwer to

the questions r_a.::.sed( 2) o

S On J'gﬁe 17-19, 1948, teams of Health Physies surveyors,
equipped m.th Victoreen 2.‘6-333 scanned several areas on the plant site,
comprising d total of 7500 ££% and ranging in distance from 300¢ %o
16757 west and nqrtheagf. of the ;'eaetox_:' stack, From these areas a
total o.i' 108 samples of localized activity were collected, yielding
76 discrete zradioaetive particles, Samples consisting of dispersed
activity v;ere.e discarded, The particles isolated showed similar
characteristics; ﬁZo; they were dark in color, appeared crystalline,

and showed both 0< and /é activity. These operations supplied

a source of particles for qualitative study.

The part::.cles were checked for size, 0< activity, /5 and b’
ac'b:.v:.ty, deca.y rate, and spectrographically for chemical consi;:.tu‘ben‘bse
Sizes of the isolated particles ranged from ~. 80 h to 400 p in diameter,

kN
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e

‘l’he alpha oet:wz.ty, uncorrected for self—-a‘bsorptlon, ranged i‘rom 0 to
~ L0 c/m, Beta—-gaxrma. act:u.v::.ty ranged from 0,05 to ~ 5 pc per

~

sample, However, the lowezf 1imit was thought to be determined by the

limit olf__sepsii_:iyipyﬂ of thgy scanning instrgment, Spectrographic analysis
' showed the presencey of U, along with Al, Ca, Mg, Fe, and Si, Presence

of the 1a.t’cer elements was cons:.dered neither surpnsz.ng nor s:.g:uﬁcant .

- e

“ s:mce soil usually adhered ’co the speckso F:Lss:.on products though

suspeg:ted to be preser;t,; were not expected to be in -sufficien'!; quantity

for spectrographic detemin;ation; An attemp'b was also made to determme

frequency of fall by the use of sed:.mentat:.on frames, Results of scan~

ning ‘bhese mth the V:Lctoreen 263“8 were rather mconclus:.ve.

\
A

By the éarly paf'ﬁ §f July 1948, it had heen showﬁ that: radio~
active par'i;icles could be i‘cu.nd almost anywhere in the plant area;, that
most of the particles found were too large for mhala‘b:.on, that they
had both & -~ T and X ae‘b:.vl‘by, and that ureniwm was present
:.nd:.cat:_.ng the reactor to be at least one source, The latter contention.
was borne out by the sim:‘i.]érity of the particles gathered from the
field to i;hose collected in sampling tﬁe reastor air duct. Such items
as: extent r;\nd density of existing surface contamination; rate of new
conta.m:.nat:.on, :.ze d:.str:.but:.on, specific act:.nty, chemical and ph;ysa.w

cal nature of the pa.r'b:.cles , and the resultant potential health hazard

T U VAT

Pt vaig
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Cemes e m e e - R —

were still undeternined. In view of the faet that it called for an
' investigation rather than a survey, the pro‘blem was turned over to

the Special Problems Sect:.on of Health Phys:.cso

Mea.nwh:.’!.e 5 althot_:gh :l'.n-the opin:‘v‘.on of several" recognized
authoritie:s in tiae fields of Baéiation and Medicine a definite hazard
j to health’ d:x.d not ex:.st the necess:.ty for correct::.ve measures, assum~-
' n.ng at least ’a. potent:.al hazard in the absence of absomte proof was
_' recogn:.zed.,_ Aceord.:.ngly, La‘bora.'bory management early in August 191;8

:Lnstn.tuted a full scale program for 'bhe el:m:.nat:.on or control of rad:.o-

act:z.ve part:.culates on the X=10 area, Tl:u.s :x.ncluded the des:;.gz, procure=

ment, a.nd :l.ns'ballat:v.on of dust remova.l equ:.pment the grass:-.ng of ex-
posed a.reas a.nd paving of 'bhoro~fa.res to :meo'bilize dready settled
_ part:.cles, a:ad the supplement:.ng of Health Physics D:.ns:.on“s :.nvest:.—-

R

gation by members o_f.' other d:l..v:.s::.ons,

bo 'Seeond Phase

S fAm’ore intensi_w_re_,s#mdy wasf:.r?t 'made of the nature of .

ﬁggﬁiclegz': Wh:Lle a few particles had prew?ioﬁsly been submitted to

others for ;é.fioue analyses, it was now decided to have the samé
groups of pam-ticles e;.nalyzeci suecessively by different groups for

different characteristics. Therefore, a group of specimens was sub-
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m:.tted f:l.rst 'bo M, ]E}redig for :Lden'b:.'by of crystal:.ne strueture by X~

HEC R RN

’ray dlffractlon, then LoBo Farabee for Pu anelys:.s then t,o GoWo

'Leddleotte for f1331on product analycls, The results of these, and a

| few less complete_ prev:_.pus tests appear in Table.I,

Unfor‘b'unately, s:.ze measurements a.nd deca.y tests were not

ma.de on 'bhese speemens s SO that spec:.f:.c aet:.'v:l.ty and “age“ could not

be smultaneously est:.mateda However, it does appear tha'b a]_'!. the

pa.rt:.cles which showed erysta.lllne structure, whether collected in 'the

:E':Leld or extracted from the rea.ctor air duct, consisted of U0,3 also

that all sa.mples analyzed showed a h:.gh percenta of Pu. the wea.ghted
average be:mg 88,9 & l;.o2% of the alpha aetivityo F:.sen.on product dis-
'bra.but:.on showed a grea'ber dlvers:.ty, but since ’ch:.s is a :E'unct:-..on of

the "age" of uram.um, :.t agreed with the concept ’cha.t the act:s.ve particles °
found were due to oz:.da.t:n.on of uranium s]ngs wh ich had burst the:.r Jackets

’ :Ln the reac:tor’° By July 20, 1948 there had been 43 J.nstances of slug

rup'bures since the f:rst one on September 27, 194k, Some of theee were
cases of mnl'bn.ple rup’c.ures s an espec:.ally severe case ha.v:-..ng occurred

on I\Tovember 30 191;7 °

) Spec:‘i.‘fie actiﬁt_y of three particles taken from the reactor

exhaust duct was determined, Dimensions were measured by means of a

E T
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filar micrométegf,_ The specimens were then dissolved on Pt discs in ‘
HNO3. .j&ftz;;t' evaﬁoration, the discs were counted for ﬁ - r and

X . ﬁ - )/ counts were made at 107 geometry with a mica-
W?'.ndqv.vugqgrfﬁg_zj?, gorzfm_a_ction was made for backscatier dné to Pte _Alpha
counts we;-emade at 51% geometry. Specific activity in }1c_/}13 was cal~
cglgpe&'for both & - "and "CX emitting constituents from these
measurements, The resﬁlts’ appear in Table IT below,

H

Table ITI

. Specific Activity of Activated U0, Particles

: ~ Volume S/2and Y =<
Particle /.13 % 1078 ¢/m (10% geom.) Juc/)lB c/m (51% geom.) ;.'e/)ﬁ

12 3039 6,997 7.5 x 1077 31 Lol x 10712
W Lok 4,207  1.06x 108 23 7.3 x 10712
16 312 15,612 . 5.3 x 1078 i, 602 x 210712

Notes:: A hypéthgtical particle giving ﬁ toil.e:c'a.nce'?f-(3 ) at radius 40 m
contains 1.3 x 107" JMCo

R T L

V \A“ﬂf}f;btﬁétical particle g:.v:mgb{ tolerance¥* at‘radius LO n

contains 3.0 x 10+ pe.

* While true tolerance for a point source is not lmowh, the term as
here used indicates a rate of irradiation of 0.l rep of ) /3 per gram
of tissue or 0.0l rep of CX per gram of tissue/2h hr.
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The 40 ,u radius was chosen because it is the approximate
range of Pu ¢A , and within this range A and (X irradiations
will be adgiiti:veg The above figures show that the (X exposure due
toal )13 particle of this nature at 24.0 )1 is about 0.2 times ttolerancen,
The /é activity on #16 ai: LO g is about 0.4 times W"tolerance®., Since
the volume, and consequent total activity, of a particlé is a function

of the cube of ‘the linear dimensions, and the range size for a.lveéla_.r

" penetration is congide?ed to extegd to 5 nm, a deeply inhaled pa.r:bicle

may have s 600 times this total activity of six tenths times Mholer-
ance®, Also, since these particles‘ were known to be at least 15 days
old, it is likely that a freshly emitted particle would be more active

by at least an order of magnitude,

~ On August 10, 1948, ‘three of the aveas previously surveyed
(appraximately June 18) were again probed with V-263%s, This time

_sampling’areas consisted of three 10! x 5' rectangles at each location,

Results of both surveys appear in Table IIT below.

Table IIT
V=263 Survey )
Pte Direction From Deécﬁption Particle Density
105 Stack 718/48  8/10/h8
1 825! WSW Recent fill 5/500 _i‘t.22 12/150 £t2
2 1425% WSW Roof of 703-A Annex 2/1000 ££° 33/150 f£t2
3 425' NE Flat grassy 6/400 £4%  32/150 ft°

% e et UK 1 ¢ B
srf DT e dina gy s
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There were seven cases of sll;g ruptures between these two
dates, It may be'? however, that the great increase in density of de-
tected particles is not a frue measure of fall-out during this period,
as the first survey had as its primary purpose the ga‘bhering of parti=-
cles for study, and the el}eck on particle density was incidental., The
§eqond survey was made with the express purpose of evalua'bing the sur-
face cont3111:‘:.(1'13.1::?.ono The 'bhreshold sensitivity of the V-263 is approx:l.-
mately 1;00 c/m (at 10% geometry, measured by a m:.ca—mndow counter) 5
subjeg:t to variation due to background caused by less actlve specks,

A fewnsedimentatipn frames were piaced on the plant area by this time,
but since they were also checked with Y~263’sg ‘not mich of significance

had been noted, These will be deseribed later.

- Decay ra.tés were detemined on several particles, both from
the field colleet:.on and from the exit a:.r duet. Apparent half-lives
ranging from a few days to </ 200 days were noted, In each case,
the specimens showing a fast decay rate also showed an increasing half-
life as“time'went on, This is to be expected if ome tests particles

of irradiated uranium of differing cooling age.

; Simuitaneously with these qualitative measurements, the problem

of the extent and rate of contamination was also attacked, This entail~

ed the use of dust collecting equipment, and an increase in the size of

the investigating group.
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quip;nent and Techniques N
Two phases of the problem of particle distributio;a. were
éovereci by (ii_ffefent classes of apparatuso Sedimentation frames were
used to quemme the ra’ce of i‘all-ou’c. oi‘ the heaner part:.cles whlch
con_tg'_b_gtgd_to_ @hgi_.contgfn:ng.tlon'o;f.’ the ground surface oi‘ the area. .
Aﬁ':r_éampiexjs s ma:.nly filters of various types, were used to ascertain

the particle density in air,

~

The sedimentat:.on frames were 3' x lp? x 57 plywood boxes,
’These were llned with kraft paper wh:Lch was held in place by means of
a remov_a.ble ;I.“ quarter-round molding frame. "At first a mat of fibre
gl-aés::.has placed over the papez; to immobilize settled particles, While
the majority of collected dust zifted through this mat, it was later |
found that a varying ffae‘biéﬁ was being retained and use of the mats
was diécoh’c'.ir_med,_ When _saﬁiples were collected; it was the paper liner

which was changédo

~ The il_imrs were taken into the 1a.b6ra‘bory, and all dust con—-
centrated onto an area which could be covered by a 14" x 170 X-'ré.j '
£ilm for radioau‘;og_raphyo This technique was 1ate;z° modified by the
use of an Airway "Sanitizor® to zfemove the colleeted dusts from each
paper liner into a removable filter paper bgg, which was sealed and
radioautographed. The Airway "S;'a.ni‘l;izqr" is a type of vacuum cleaner

differih‘g from others in that it hds as a dust receptacle a filter paper

LN
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bag wh:.ch :Ls ;emova'bl_!.g_.a_.nd replaceablee  This modificatioh 'bended to
preven'b the loss of pa.r'l: of the spec:unen by scatter:mg, and also was
more ei_‘fect:.ve in collectlng that part of the dust which adhered to
the.paper, It would take seven sheets of film of the above size to

cover a paper liner without some method of concentration.

' The Sa.nitizors were a.l'so used as direct air sampling e@.tipmento
The machines wer? _lglaced on 3'I metal stands, to prevent the e:x:haust
air stz"eam from stirring up settled dust, and run without-hose or floor
nozzlé@’ 'The filters were pezﬁiodiqaliy changed, sealed, and radioauto-

graphedon'

The a:Lr is dravn up by a high pressure z-stage turbo fan, and
the flow is sub:ject to variation with filter resistance. The capac:.ty
is rated at 65-»70 c.fm with a clean filter bag and support pad. Velo-
meter measurements showed a flow rate varying from -~ 70 efm to ~~
35 cfm dep_ending on the degree of the loading of the filter. For
p‘nrposés o? c@l}.cula‘gions t_hfe ;‘igure of 56- ‘ci’m was used. Gu_T » Borkowski
found tll'xe bag to have a surface .density of 12 mg/em?, and estimated the
efficiency to be > 95% for particles oi‘ lpor larger(l")~ It was also
est:lmated that a particle *>10 n would be unl:.kely to be deflected into

the nozzle of the machine,

Figure I illustrates the sedimentation frames and the Sanitizors.
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The fil'bron was another of the air samplers used.,‘ This
appara.tus consists of a "Sutorblltﬂ constant dlspla.cement pump drawing
5 cfm of a.:Lr through a eyh.ndrlcal cartmdge lined with a Hollingsworth
and Vose 9 mil fllter pa.pero_ Ei‘f:.ciency figures :Eor this paper are not
available but are known to be much higher than those for the Standard
A::.rway Filter bago

) The U.S, Public Health Service supplied us, on loan, five large
.capac:rby a.:Lr samplerso $hese had a rated air flow of 275 efm through
3k ££2 of ﬁ_lte;j paper, These were modified. to tak‘e;o £82 of filter

’paper',—‘ CWS #6 was used. This paper has an efficiency of 99.97% for

the most penetrating particle size. The increaséd resistance of the
system due to the mod:.i‘::.cat:.on cut the air flow to 21;0 eﬁn as determin-

ed with a velometer,

These two pieces of appa.ra.tus'are illustrated in Figure II.

» Several constant air monitors are :_nstalled about the pla.nt
area., three of which are at outdoor locations. These are similar to
the filtrons as regards the air-flow system and the filter. In addition,
the :?:‘nf_l'be_r cart:.jidge is shielded by a lead pig, and a GM tube is fixed
:at':‘i_.ts a.:_::‘i.s_o_ The GM tube is comnected to a recording device, The .
fil‘bgrg from the outdoor locations were periodically fadioautographed

along with those of our other filtering devices,
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Electrgstat:j.c precipitators, drawing 6.5 cfm of air were also
t_rieq;. These .collectors were not satisfactory for continuous monitor-
ing due to vol_’qage brea.kdpwno Wﬁile‘ intermittent samples could not be
directl_.y_’_compared jﬂith cop’c.inuqu_s sample s acquired by filters, indica-
._'b:‘[.qns were that the elgactrqsf;a‘bic method gave us less efficiency and

reliability, This method was shortly discontinued.

. 14" x 177 Eastman "Blue-Brand® X-ray film was used for radio-
autography, The films were exposed in contact with the specimens, ex-
cept for the yellow wrappers used by: tﬁe manufaeturer in packing, for
2, hour ’pe.;ciods. The wrapper was fetained in order to prevent both the
contamination of the film and tile marring of the emulsion surface. The
latter could cause !Blem;shés which may be mistaken for radiation spots.
The threshold sens%‘:.tiv”i;ty_ for the method was eqtzivaient to 0.8 ¢/m at |

. 10% geometry with a mica vﬁ.ﬁdoﬁ counter, When the rad.io%utograph was
made through an Airway filter bag the threshold was 3.5 c/m on the

same basis. . ,

Source of Contamination

Any operation using or processing radioactive material might be

a possgible source of active particulate air contamination. Some of these

have already been mentioned, The reactor, itself, is cooled by ~_

110,000 cfm of air vented through a 200 stack (105 stack), the elevation

of the base being 860'. All off-gases from the redox process, and dis-

i
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solver of?—-ga§es_'f;"qm‘ the 1131 and Rala processes are vented through
the 200°¢ c_heﬁicgl_ stack (205 stack) at the same elevation., Airflow
througg 1_;hi‘.s stack i.s ~/ 20;000 cfim. Cell ventilating air for th;
Rala process is diseharged through a 50 stack (D stack) north of
706-D building ab a flow of 2000 to 6000 cfm, Base elsvation of this
stack I‘LS. 820’“., Cell ventilg.ting air for the 1131 and X3135 processes
is vented thz;ough short stacks on the roof of 706-0 building,

I-n additj':on to ‘l_;hese major operations there are the semi~
works and several hooded "hot" operati;ns in 70-6"'Ao‘_ These are vented
through _sh_o_rii _sta:c_elfs above the roof of 70-6-.5., The incinerator building
g26-B; is a pogs:iblg source of low activity although the. state of con~
_ tamination of burnable refuse is keiat at a low level, This stack is

~v 65! high a.ﬁd base elevation is —~_ 780°%,

Spills at the tank farm cause surface contamination which may

become airborne on dryings T

S

- The rolling mill, 101~B, may be a source of air contamination
of low specific activity in the processing of metallic unactivated U

and Th,-

Findings
A, Sedimentabion F;g.mes

) Sedimentation frame coverage had been extended to
17 locations by September 2nd, and to 22 locations by September 1l5th.




SBBEET

o - R o o ORNI~283
Particulate Air Contamination at ORNL vage 20

~

The final disposition of these collectors is shown in Figure IIT,

_ ' .;T;"j.g_urgs. Iv, ?‘9“b" and ¢ i1lustrate graphically the frame
collections history from August 13, 1948 through February 9, 1949,
Grodp A.represents the average value :m particles/ frame/da& of collec~
tions .from frames within 1%0? of the reactor stack, group B represents
the average 'of two frames bracketing the 7706~D stack at about 3007
also about 600? :E'rom the reactor stack and group C is.the average of
all ether frameso Dally ra:.ni‘all 1s shown in :z.nches by 'bhe shaded
blocks, ~_S:l.gn:l.f:l.ca.ni: events in reas:'bor opera.t;.on are also shown re-
presented by: D for slugs discharged, and R for ruptu:g’ed slugs, along
with the occurrence of the major chemical operations; i.e. the Rala

Iruns,

It is ev:.dent from these figures that the rate of fal'!.-»out of
act:.ve particles in February 1949 :Ls lower by two orders of magnitude
than that of Septeprer, 1948, It is also immediately evident that
there is a sharp temporafy drop in collection rate whenever there is
rainfall. This may be due to one or more of at least three i‘act-ors,
viz., the rain may remove particles that have fallen on the frames,
it may have a scrubbing effect on the air itself, and it may prevent

the relocation of previously settled particles,
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The largést particle density recorded oc?:ur_red when the reactor

was started up on §épte;nber 2nd after ’che__removal of the multiple rupture

on August 30, It also appears that any disturbance of the reactor
channels; such as the discharging of slugs, releases aci?ive particles,
This implies that the entire reactor matrix is quite contaminated by
previous_»l;; occz_uring :r_'up’g.uresa ’%'he total smtdown of 21l thot® opera-

-~ tlons from October 15ththru 2lst caused an ovéraJi drop c;f a factor of
four, ?hou_gh the greatest drop occurred near the réa:;tof .s’c.é.ek and the
70-6'-D:'£:.ui1di-r§go 'The smt-down of reactor operatior; durln; November 8-14

- a drop in frame collections. The second highest ISeak of the survey

-~

thru the filter, While this seems anomalous, it can be explained by the

entrainment of pulverized contaminated concrete, crushed during the duct

)

reconstruction, by the coolant air after having passed the filter. The
appe'a.rénce of this group of 'particles su%gested discolored concrete, de-
cay stﬁdie; ipdicated’ half-lives of /120 days rather than about 30 to
gO- day; g.séete;;ningq from previous frame collec'biéns, As might be ex-
pected,. within a few weeks collection rates dl.‘opped to the lowest levels’
of 1';he period studied. It must be noted, in this conneetion, that rain-

fall was both frequent and heavy in this intérval, so that relocation

sources were operative.

occurred when this connection had been made ,‘and' the coolant air passed

was minimized, and total collections dropped, by December. to about 1/10
the values noted during total shut-down in Cctober when only secondary

to cyo_nnect 'l;he reactor coplant aii' duct- thr the_ filter house also caused
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. .Grc?up B collections do not follow r{-:ac’cor operation as closely
as either group 4 or Co_ I’g, was found that collections 'in this vicinity
were somewhab afi‘gctegl by chemical operations, e.g., there was usually
an increase in particle couht during or after a Ra’.};a; run in 706=D or T13L

tun in 706'3"00

It should also be noted at this time that due to early evidence

that relocation was a large contributor to air borne particulate activity,

- a progra:m of paving all traveled throughfares in the plant areas, and a

grassing of all bare spaces was undertaken. This wo‘rk was begun early
in October, and largely completed by the eariy part of December,

Figure V illustrates the distribution of frame collections with
respect to distance from the reNactoz_' stack., Three periods are showns
the_mor;’ch between September 15th and October 15th; ‘the shut-dovn from
October 16th thra October 21st; and the month of February 1949, Points
fgpresen‘h results from single frames in some cases; but represent the
averages of two or more collectors in some cases where the distances were

nearly-equal,

Several points of interest immediately appearg- February collec-
tilons are down by almost two orders of magnitude from the September—
Gs:':tol:)er'resul’t:.s° ' Total shut-down affected near-by values much more

than those over 1000! amay. The point at 600%, representing the frames
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.showm by curve B in t;ze‘ previous figu_re, shows an anomalous high value

in the September—Oq‘bober data. This bears out the contention that the

chemical operations are also a source of particulates, -
\

"‘able IV shows these data in condensed form, with time grouping
ad;;usted to include significant pemods rather than the calenda.r dates,
Ll | Table I

Sgdimgnta:tion Frame Data

Particles/Frams/Day

Date Group A Group B Group C Group D Remarks
9/1-15 27604 71.8 37.0 16.8 Removal of multi~

. ' B .ple rupturs
9/16 bt 88<blln 9001 2—06 _ 901
10/15 : o
10/16-21 28,9 7.1 6.3 ~ 6.3 Total shut down
10/22 - 108,2 17.1 8.1 - 10,3
11/8 :
11/9-13  23.4 22,9 7.3 L.9 Reactor down
11/11,-30 116.4 T 16,9 25,0 19.2 - Filter in
Decembel‘ 2703 JloB 205 109
Jaguazw . 10.4 2.3 1.2 0.8

February 5.4 1.9 1.3 Ok
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Group A comprn.ses the f:.ve frames within 1709 oi‘ 105.stack,

. Group B comp'f"lses the two frames brackett:.ng 706-0 a.nd D bu:.ld_mgso

Group C compr:.ses the six frames beyond group A 'but less than 1000“ :

Prom 105 stack, except group B, which, is about 6009 from it,

Group D comprises the nine frames at more than 1000! distance, maximum
11,500°%,

' .Thei‘é were six filtrons aveilable for uses They were put into
use early in August, g.nd by October 5 were in the locations shown in
Figure VI. Of ?P?_J‘_-'ivf USPH_S filter, four had been modified by September
2h, and placed about the X-10 areas as shown in Figure VI, The fifth |
one Was placed at the AEC Administration Building :Ln Oak Ridge on
October ll.;fo Ffi?e of thg A:?_:'cways.h were placed on October 10 and by
October 15 the otfler five of the ten that were used were placed, aiso s

as appearing in Figure VI,

I’c; was evident early in the investigation that filter collection
rates d:Ld not fo.";low the same trends as frame sedimentation rates. Re-
sults épu]_.d not be compared ﬁ#ctly, however, until October 15, since
sampling by filtrons pz:ev:‘i.ous; to that date had been by two or three
hour periods while f?am_e_ collections occurred on a round-the-clock

basis,
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~ Comparison of data. from the s:ixxv filtrons with frame collection

a.ata shows 'bk_zat ’peaks are pniy c_:cca;ionally coincident, It is found
that collection peaks occur. during the latter parts of the extraction
cyclgs of_bqtp RaI.a. and Il 31, Thi§ is espec:fa.liy ng'@iceaﬁle when one
observé:s the two located just outside of__7pguD Building and near the
semi-tjforl;s in 70g-A° ‘T_I}e sequence is :‘1_ot as closely followed by the
more distant sta.tions;‘ but; as the collect:‘xf.gn rate of fiiter type
devices not within 300" of 706~C and D buildings is usually consider-
.ably less than 1 pai:'bicle /1000 £t3, fluctuations are not as signifi-

cant,

: lfigu:ée VII illustrates the results of filiron collections
dur:?.ng a p_e'riod of frequen‘bA 113‘1 runs,. and inclusive of two RaLa(mnso
Curve A, representing the two £iltrons outside of 706-D and A, shows a

:ma;ked rise within two or three daz's after eaeix I]:3l cycle lbegins

(represented by "C"), The extraction cycle usually lasts three days.

It is also igi;eresting 'bo note the effects of the two Rala
runs. ‘ The_‘Noyember run Was.uni'iltered, . The final evaporatior'x and re-
moval oi‘. the i)rodalct took place’ overni_ght s during a temperature inversion.
Tt is quite evident that the cell ventilating air, which is discharged
through the 50 foot D sta_ck, was boxed :r.:n by the,iniversion and spread

through the whole plant area, A temporary filter had been installed in
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the duct ‘venting through D-stack prior to the January run, The rise

in gensral area contamination was almost negligible, However, there

was a 50-£01d rise in particle count in the immediate vicinity. It

appeared from this evidence and other studies which will be discussed

later, that airborne contamination was escapiﬁ_g through the building v

o oAt

rather than the stack,

~ Th_e' USPHS filters wouELd- seem to give most valid figures beca'aée
of the l?:rgq vg;lqme_.of air_ sampled. In one instance (:70-6;D E platform)
one of these i‘ilters__was run near a filtron. In general collection,
figures were lower than for the filtrons by a i‘ac’tor of ~v 3. This may
have been\due to theff:aet that the éo]leeting orifice of the filtron is
only 2 above ﬁoor levgl; whereas; that of the large filter is _s 5.5%
This difference may cause the filtron tc-> draw ‘in more of surface dust.
which is raised by foot and other traffic. Apart from these, results are

not comparable because of differing locations,

" The filtér' at the AEC Administration Building gave valuable
information. Collection ra._tes of radioactive particles usually ranged
.f:‘rom_ less than_l_ to ~/10 ‘particle;s per million ft3 of air, 'ane one
w:ception was the»;l__l day period comprising the November Rala run, during
which time the collection rate was 82 particles/million £43, The over-
all average for the three and a ‘half month period from the middle of Y
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October to the end of Jammary was 9,85 particles/million £t3, The
average,- gclusive of the Rala run mentioned above; was 1,96 particles/

million ££3.

‘ ) It”s’gc_mld‘. be pqted that no;ze‘of the activity detected in towm
had moch magnitude., Most of the particles noted were just over the
threshold of sensitivity, which, as previously mentioned, was the equive-

lent of 0.8 ¢/m at 10% geometry on a mica window counter,

The Airway co]iec’cions shc;w somewhat different characteristics,
First, the radicautographic téchnique is not as sensitive as when used
with other\ filters because of tﬁe n‘.ntgrposii_;ion of the 12 mg/cm2 of the
filter paper as an absorber. Second, the estimated efficiency of <~
95% for partic;.es of 1 p:l implies that most of ‘the sub-micron particles

may pass through the paper.

The most interesting, and perhaps, significant feature of the
comparison between these filters and the fj’_‘!.trops is the change in re-

lative number of particles detected on ;ohe two media, The average:of all

_the oﬁtside Airvway co]_'!.ectiqns compared to the average of the six filtrons

gave a ratio of ~s1:8 in the latber half of October, and nearer L1:60
for becemper and Jamuary. A direc'b__con_xpa.zﬁison was made at one station

(706=B E door), This location showed a ratio of ,_, 1:3 during October,

§
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and again M_l%O_c_ix_:;ir_xg I_)gcgmber and ganﬁa;y, The greatest difference
in general gonégitipns_ between these two periods was the i‘ilﬁring of the
re,:.a.ctor cooling air after the middle of November, It appears from these
observations that particulates produ;:ed by the chemical ope.rations are
of extremely small size though high specific act:_I.v:‘i.ty, and many possibly
pass through the Aimwdy bag. This is further implied by the fact that
until ’c.hé m:.ddle of November the A::rway collection peaksli‘oi_'l.owe_d ‘the

frame colleetions much more closely than did the other filter types,

Tgb:!.e ¥ gives a summary of collection datz from these three typés of

filters,
Table 7 ‘
Particle Data from ?‘ilter—type Samplers : -
(Parbicies/M £1£3)

Dates Filtrons (6) USPES (L) Airways (10)
10/15-10/31  0.62 0.19 0.08
November (except 1.8 0.7L 0,15

. Rala (
November (Rala) 7 115.7 38.8 : 7.21

. ) N )

December 1":’6{ 0,39 0.02
January (except . B . _
RaI.a 1055 . 1008 - 0003
. I 1.0 .
Jamary (Rala) /7 hoTL ) . 11.9 0.05

Z

¢
A
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NotesThe Rala runs in Novemb_er and January raised particulate air activity

so greatly that it was considered more representative of the true

pictuf,e not to average those wvalues with the balance of the respective

months? data.

From this table it is obvious that the impfovemmt evidenced by
frame data does not hold in the case.a '\of filters. The best aspect of the
situation is the féc_z'b, as shovymA by the graph in Fi@e_VII, that the con~
tamination is localized, and that the contamination level of air in the
area e‘mlusive of the immediate vicinity of chemieal'ogerations: is low and
‘falling, |

| c.” Supplementary Studies

"Besides the sampling and collection procegures Jjust reported,
several studies were made by this and other divisions to attempt to under—
stand more fully the sotirces and naturs of the particulates in question.
Some of these were continuations of work mentione_d under Preliminary

Investigation. Others were suggested during the progress of the project.

The start-up of the reactor subsequent to the August 30 multiple
slug rupture coincided with the end of a Rala run. It was noted that
frames near 706~D had a higher active particle incidence than expected

from consideration of distance from.the reactor shack. ‘alone‘,- It was also
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\ ' not_ed that t}}eh fi.isjn-:ﬁ.‘bution of activi:by/particle was much Iore uniform
than on étﬁ;r frames, .i"i.gureg VIIT and IX re'presenting collections from
#5 frame near 7oé~1_>s and #10 frame 1507 from 105 stack illustrate this
phenomenon, In addition, the fibrg-gléss matg, which‘ were still used at
this time, ‘retained a larger fraction of active particulates collected ‘ ’
near 7Qé;D than near the 105 stack. l ‘

'4 To verify the apparent differenee in the source and nature of
the i:arti.cles collected at the two locations, a series of tests was made,
- Specimens from the two locations were first leached with water, and then .
with HNOB, separating the water soluble and acid soluble fractions, For
comparison and identification of sources, a specimen of dust collected
by a cloth fi}’c:er sampling a portion o.:‘? the reactor copling. air an& one
collected in the 706.-=D cell=ventilating air duct by Mphgeﬁent ona
filter-paper covered probe received the ‘same treatment, These fractions
were allowed to decaye and apparenf half-lives observed. The activity

in the insoluble residue was negligible in each case,

Table VI is a summary of these tests,

TN ¢ AL T NP5y ot 3 (S A At TR o w32 ———— g r————
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" Table VI
Water-and Acid-Soluble Fractions of "Particulatest

¢/n (Beta and Gamma) Apparent

 Water<Soluble Acid-Soluble % of Half-life

Code Source Fraction Fraction  Total (days)
51 Nesir 705-D 3,602 : 69 37
5l Near 706-D - 1,606 31 32
5-2-W  Neap 706=D 2,396 85 18
SaRemA Near 70_6—-D i . i 423 ’ 15 30

" 10-W  Near Resctor 855 ' 20 42
10-A Near Reactor 3,413 © 80 62
13-W Near Reactor 1,955 657 33
13=-A Near Reactor 27,040 93.3 33
- Near Redctor 106 ' 3.0 45
-A - Near. Reactor 13,08L 97 L8
J=W Reactor Duct 9,266 2.4 - 70
J-A Reactor Duct 370,000 97.6 70
D 706D Duct 365,000 ’ 68 16
D-A - 706=D Duct 170,600 32 13

~

The above data do not show any significant difference in the
decay rates of any pair of water-and acid-soluble i;‘x‘actions_o What does
appear is that th\e water-solul_:le fraction of the reactor—pr-odqced particles
_ig verysmall cp_x_npared to those produced in c_hgqﬁ.r.;al operations, and the

apparent half-1ife of the reactor-produced particles is longer. S:‘i.ﬁce\ the -

\
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_ FIGURE X
FILTERS FROM 706-D DUGT DURING AUGUST RaLe RUN
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frame _specimens from neither Jocation agree closely with the corresponding
source in both these chazaetemst:.cs, it may be assumed that field co].le"-

tions are accumulations from both sourees in vam.ng proporb:.ons.

-

'I'he lack gf closer agrg_:emgn’c. between characteristics of specimens
from near_70é~D and from 706-D duct is probably due to the fact that fall~
out from the D-stack efﬂuent is selective, The stack effluent also com-
pr:.ses radioactive ma.ter:.al in non-part:n.cula.te forme That the ratio of
part;.cu,.’late to non-par‘l?:..cnlate‘_z_paterlal is a variable is shown ‘b& Figures
X and XTI, Figure X shows a radioautograph of a series of filter papers
' frt;m the probe in the D-duct during the August Rala run. These wers changed
dailyo The a.ct:m.ty shom in th:a.s antograph is what 1s left after one
week“s decay - comple'he blacken:mg having occurred on exposure oi‘ the
:freshly removed filters, one of which read 250 mr/hr at 2 inches with a
QT JT when taken off the probe, Figure XT is & ra&:.oautograph of
filters off the same probe with daily changes ¢~ 2 weeks after the com=
pletion of the rtm., The diffuse darkening which appears to a greater or
less degree on these radloautographs was also an occasional characteristic
of filtron, constant Aa:.r monitor, and USPHS filters in and near 706~C and
l_) when radioaut9graphed, It was not determined whether it is. the same
contaminant vrhif:h appears in diff:’erent physieal form or whether a different
contaminant is responsible for the two effects.




mentation were made at various times, 'It‘ was found consistently that

" and had a very small fraction of long=lived material. -
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o _"De'_..fa;yj curves for four of the specimens listed fin Ta‘b:le VI
appear in'Figures XIT and XITT, From these it appears that in addition
to variance in apparent hal f-1ives of the several specimens (shown in
T'ableﬂVI) shortly after co]le-ction, the nature of the curves also varies,
While all of the_i_c":ur;ves show long-lived fractions, the sample from D=-
stack does not exhibit a low decay rate until it‘ has reached less than
102 of its value, while the sample from the reactor duct (J) shows a

lov rate after /v50% of its value, The field collections are inter—

mediate, as may be expected.

Other decay studies of specimens of air contaminants and sedi=-

samples taken in or near the 706~C and D buildings decayed rather rapidly

A decay study waspa.lso made of sedimentation 'samples in the
vicinity of the 105 stack after the filter had been installed in the

‘ I
reactor coolant air duct. As previously mentioned; there was a large

fall~out of active particulates at this time, but their appeararice

suggested concrete rather than U0 Figure XIV illustrates the decay

20
pattern of two of these samples, There is apparent in these curves no

-short~lived fraction., This would seem to establish that 211 of the

activity was due to old contamination of the duct walls dislodged by the

construction activity.

\




DHG. #7341

4]

s

h N oW

(3]

ll

i

DN N 00 W

B

T e —

|

%

»,d

10

o 10

20

40 80 80

120

T



=t

DWG. #7342

T o

s e 4

X

e T,

P,

120

N

X:

30

16

At O

Days

e0

e e e s,

i

40

20

10

10°



1 t DUG. #7343

f oS
1
P-4

=Y
.
o1y

c/m

G ) 20 40 . €c 80 120




- n ORNI~283
Particulate Air Contamination at ORNL : page 48

/
{
'I'he "age" ‘cannot be estmated ‘except that the material is not

.fresho A rule of thumb for the estimate of Wagen of material, stating
that 'b_he a.ppazjent half-life of a normal aggregate of fission prodncts
-is a measure of the age; has_sometigeslbeen used. This rule cannot be
app]ied to U0, particles issuing from the reactor for tﬁo reasons, °
F:Lrst uran:.um (oza.de) J_rrad.:.a'bed in the reactor in the exposed and
finely d:.v:t.ded state ens'b:mg after a slug .'LS ruptured does ‘not retain
a nmormal aggregate of FPts since many of the fission chains pass through
gaseous specigs which fail to remain totally occluded, anci consequently
the ends of the chains are lost, Second, even when the aggregates are
normal (no loss) the decay scheme of the whole is a function of the time

of irradiation as well as cooling time,

'The loss of the gaseous fission produngc.s was established by
Ro Livingston of the Chemistry Division, who made a detailed study of the
contamination of the reactor coolant aﬁr(é), He found that :a large fraction
of the total activity of the air stream was due to verious very short~
lived isé'popes of Xe and Kr which decay in"ﬂighﬁe Deéayup;'oducts of these
gases were collected on a charged wire in his apparatus, and later identi-

fiedo

P.Ro Bell of the Physics Divisfon, also developed a sampling

apparatus for the reactor coolant a:‘i_r(é), .This consisted of an adhesive
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tape, capturing p_ér_’_cic_zulates' by impingement and monitored continuously
as it left the air duct, This was designed to detect new ruptures by
increased particulate activity, Both of these investigations are re-

ported in detail in ORNI~197.

The ree'zctor__duct__was also sampled with a cascade impactor to
evaluate size distribution of activated U0, partic;eso The sampling was
done by R.H, Wilson of -the University of Rochester on November 4~6, The
apparatus used was the Unive;sity-_of Hochester modification fitted with
a pump drawing 0.5 cfm of air., The separation is produced by paésing
the air through a series of four Jets of décreasing size, causing in= '
creas:‘i.ng aj;_r speeds, each of which blows against a resin-»covered glass
sl:.de, 'bhus collect:.ng progress:z.vely sma.’L'Ler part:x.cles by mpn.ngemento
A fifth stage was supplied by a filter backing the series,

The instrument had been calibrated for uo,, (spo gr. 10.9). It
was estimated that the maximum size of particles of U0, taken in by the

inlet orifice was ~s 10 Po The mean valune of the size fractions are:

1st stage 6. p
2nd stage 2. p
3rd stage LE
l;.i;h stage 0.7 P

Filter 0.4 }1
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It mst be noted that if any of the active particulates are bther than

U0, the above distribution is invalid,

The:sIides ware analyzed for uranium content at Rochester by
the . fluvorophotometric method, However, before they were taken to
Rochester; several ﬁ - T counts were taken on all samples, and the
slides from two of the runs were radio»aﬁfoyaphedo Table VII shows the
results of the /g - D/ counts, .

 Table D¢
Beta and Gamma Count on Cascade Impactor Samples
(Figures indicate ¢/m at 103 geome_'l':l;y)

Mean Diameier (Microns)

Run Number >LE 0 A2 1 0.7 0.k

#1la (15 hours after 1372 272 293 176 ° 843
collection) : :

#b (73 hour decay) 1096 12, 8L L6

#22 (1 hour after collection) 987 625 L85 309 1763
#2b (73 hour decay) 531 15k 88 L8

#3a : 4482 337 28, 139 233
#3b (7 hour decay) 1533 357 299 123 236
Ba 6779 531, 198 76 9%
#b (7 hour decay) 6635 579 201 61 78
#5a. : L69 388 412 316 4223

i#5b (7 hour decay) ' 175 . 9L 107 B 263
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T

Run #1 was & 7 hour run under normal operating conditions.
Run #2 was: a 11,. hour run under normai operatin‘g conditions,
Bun #3 was a 6 hour 19° run, reactor down, slugs being 1:>u.shedo
Bun # was a 51? Tun, 12% of which was start-up of fans,

" Bun #5 was a 56! run, power on,

Buns 1, 2, and 5 show that the greatest decay rates occur in the
finer fractions, Runs 3 and L show that ‘the short-lived fraction appears
only with the power on. 'Both of these i‘:‘ind:‘i.ng; are consistent with the

g theory that part of thé activity is du;:‘ to fission gases decaying in
" flight, the'aé’cive daughter of which.deposit on surfaces of particles.

‘v Some of these daughter products may also deposit directly on the slideé.

Rad::.o—au’cographs were made of runs #1 and #2, stages a~-d, Easte,
ma.n“s Indns’crlal Ty:pe K film was used at 72 hour exposures., Detectable
d:.serete_ centers of darkem.ng were counted as particles. The résults

appea.rl in Table VIII,
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o oo ... . Teble VIII _

Radio-Autographs of Cascade Impactor Slides

Mean Diamster - Number of

L e
1A 6 1372 1096 140 7.8
1B 2- 272 12, 56 2.2
1¢. 1 203 8L i 2.0
1D 0.7 176 16 15 3.1
oA 6  oay 531 ol 12.1
B 2 625 154 B 16
x 1 485 K 88 1.0
D 0.7 ) 309 48 38 1.3

% This slide was broken, and impingement pattern was :irregula:;; It
seems that the air stream was distorted, making A and B fraction in=

accurate,

_ These raﬁio-agtographs showed a diffuse background in addition
to discrete spots. Consequently, c/m/particle as shomn in the table is
larger than the true value, Radio-aufographs of Run #1, A-D are shown

in Figure XV,
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) '___A_ggpgri_z_ i’rom_ch_zgegtgr,gaw_re some figures on particle size dis-
t;i’gution_ based on these _.lc_a_._scg.d'e_ impactor ;.s_axr;ples, The samples were
analyzed for u:ga.n:z.um content by the ﬂt}oroi:ho:hometric method, It was
assumed that allura.g:mm detected was in the form of U0y. It was further
a,ssumed; for the basis of the calculations, that particle densities in
each _size range do not .diffc;r from the true density and that all particles
approximate spheres, Results of the analyses and calculations appear in

Table IX.

The figures in column six were‘der:‘i.ved from the weighted average
of samples #1 and 2, calculated on the basis of 110,000 cfm (full air
flow - 2 fans), or L.A49 x 105m3/dayo .

These figures are perhaps not as mucﬁ of a.?:.a,t;ée forJMeﬁate
concern as.appeg.rs at first glance, Dust ‘studies have indicated that
particles less than 0.3 P become permanent ‘atmospheric impurities, and
that pa.rt:.cles less than 0.l B act as gas molecules., Even a L . part:.cle
of U02 'bakes 184 m::.nutes to fall 200 (S‘bokes law, T’z TO°F), and the
average md_vgloc::by_:.n this area is ~6 mph (6.2 for 1948}, so that
the average Qista‘nqe_i_sraveq.ed'by a particle of this size and nzture is

,\118 miles. Obviously this is not accurate . since the terrain is nob

level but, on the other hand the orifice velocity and temperature ..

i -
A
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d:s.fferen‘b:.al q£ '_bhe effluen‘b air both 'bend to carry the entrained par'b:.-
cles to a. grea.ter height, 'I'h:z.s eﬁ‘ect :Ls enhanced dur:.ng conditions of
Jlow wind velocity when the particles would otherwise f211 closer,. At

such cli.stances; the dilution factor is quite high.

-

| It ié not 'intenc-led"to imply that this is not an undesirable
cond:.tion s:.nce long ’cerm operatlon would allow cnmulat:.ve effects,
Besides, the larger part icles, which do fall on’ the immediate plant area,
while somewha’c. large to be considered b;'ea.thable , are subject to fragmen-
ta‘bion'é.nd elevation by traffic and wind, and these effects occur near

the ground.

'The evaluation of size and frequeéncy of occurrence of such
particles in thé br.eathing zone of persormel in the area is a more
difficult problema F:Ll’t.er media do not dlfferent:.tgt- size fractions,
and the cascade impagtor, with its capacity of 0.5 c¢fm, does not lend
itself to sampling an a.t«mosphere where. the expectancy of active Part:.cle

ineidence in this size range is on the c;rdg'r of ons to two per 1000 £t3.

.~ OFf more immediate interest was the finding that 105 building
was. highly contaminated with fine radiocactive particulates which were .
easily airborne. CoJs Borkowski found up to 75 particles/1000 f'bg_of

3

air in sampling with an Airway, and radioautographing without the bag
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as ab§orber° O'ur Airway monitoring program showed that a zpachine se‘l'..' on
top of the reactor gave the highest particlg;, count of any location, and
that this was 4 to 10 times the average collection rate of the other ten.
Borkowski also tested seve;ral surfaces in the 105 building with film
wrapped in a, douple envelope of 1 mil Al foil, He found that surfaces
were higl"ﬂ.y con'taminate'd with particles with activities ranging from 10

d/m to several thousand. .

~ R.Le Clark, of Health Physics, investigated the problem of
locating the source of this confaminatiopo He found that, although the
reactor is maintained at a negative air pressure, any operation involving
the movement of objects into and out of the :peactor caused a mechanical

transfer of particles out of the reactor, The operations monitored in~

cluded: :

1. Scanner plug removal

2 C_qntrol rod ope_aration

3. Shim rod operation ) _ .

L. Removal of experimental samples from front face
- 5, Slug discharge and recharge ‘

6'0 Remowval of sulfur cans

7. Pulling of isotope stringers
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_ Results of these tests varied widely and some of the operations
released i';housands of p_ar’c.:fcleé which were picked uﬁ by an Airway
covering them. Apparatiis was developed to sweep stringers with a com~
bination of a mechanical brush and an air stream which then passes
through.a filter, Pu:sh-rods used in slﬁg and stringer manipﬁjation
were wiped with a damp cloth as they were dz“’awn out. There was g.lso

a general clean-up of 105 building,

. Air sémpf_l_.:‘i_ng tests on January 7=13, 1949 showsd a 90% reduction
in particle count, Other tests indicate a 90 to 95% improvement. -

~

" The film techn:i:éue_gs used by Borkowski for dete@g surface
contamiﬁatio; on flat surfaces in and around 105 building was tried for
‘the gen‘eral plant'areéo The AL foil covered films were 1aid out for 48
hours, October 1.6.«-18; covered with 1/2 inch plywood boards to shield
them from 'weathg_; and sun, A-heavy rain _(19-65 inches) fell during this
period and many of the filus sustained watfer; damage. Those not damaged
showed_remﬂts qf pobr _geometr’y in many case‘s, and par’c:‘i.cies of small
activity were not detected. F:'xj.gures XVI and XVIT illustrate the kind
of results obtained, The film shown in Figure XVI was obfained on the
roof of,:the fan~-house (building 115). The effects of small particles
that have settled between the gravel of th.e.ro‘oi' can be seen, Figure
XVII depicts the radioautograph obtained on a grassy area N 200t B
of the 105 stack, ‘
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W:Lth a few reflnements ‘che me’chod has merit for detemining

gronnd conta.m:.nat:.on, If the area to be covered is flattened to pro=

* vide good geometry, and a shallow drainage trench provided around the

sma.’!_'l. area. covered to prevent wa.ter damage,- the results should be

qu:u;e representa.t:.ve of true conditions. The experiment, W:Lth these:
1mprovemen'bs was not repeated ‘because the grassing of the plant s:.te,
w:l.th the cover:.ng of the or:.g:.nal surface with inches of top-so:L'L
proceeded ra.pidly. at ’ch:.s._ time, so that coverage in the area of greatest
interest could not be obtained. "

Dur:.ng the period, 9—»5!.7-[;,8 to 11~i7~z,'8 a total of 767 nose
swab samples were taken at the dispensary from a selected number of
people upon comple'b:z.on oi‘ the day’s work. The cotton swabs were
sliced open;' 'coupted-in a sta,ndar& beta~gamma counter at 10% geometry,
and were ,ffhexz_g re.dio-autographed forw:?l;. hourls, By th:.s technique parti-

cles were detected on 66 samples out of the entire group, or 8,6%. The

number of' indiv:z".duals reporting daily for 'swabbing fluctuated widely
from a h:l.gh of 61;, on one day to a low of 8, The daily average for the

last :f.'::.ve weeks was approximately 1k,

.
N

Pa.rtieles were detected on a greater percentage of samples

during the period G~21-k8 to 10~8-48 than any obher time, but during

this perio,d the greatest number of people reported to the dispensary
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for swabbingso Relat:.vely fefw part:.cles ha.ve been detected s:'..nce

10«-8-48 but during this per::.od -bhe number of people report:.ng daily
has fallen off markedly.

©f the total of 7g7 'swa'bs, 138 were contributed by a group
working in Building 105, ';vi’ch a particle incidence of 12,3%, as compared
with an m:.dence of 708% in the rema:.m.ng 629 swab samples, As pre-
vn.ously noted aa.r collect:.ons ta.ken within 105 have indicated a greater

density"6f particilates than any cther location.

These results gave further evidence of the presence of air-
borne radicactive particulates. The figures do not supply a good measure
of the extent of this type contamination, as it is felt that negative

results are not conclusive,

.Becaus; of very high particulate air count directly traceable
to the November Rala run, it was decided that this operation receive-
closer study. Considezjation of the information ava.:i_lg.ble produced
some in{_;eresting ;‘e«:-‘!.tureso Technical Division sampliﬁg the D-gtack
effluent esﬂima‘bec_l that 15 cu:}iles'oi‘ activity were discharged with
the ce]i ventilating air. The activity reached a maximum during the
f£inal evaporat:.ons and removal of the product wh:.ch took place early

on the morn:x.ng of"Suhday, November 21, An dnversion with low m.nd
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Yeloc:}ty existed at the time, and caused the;_activjf.ty to spread and be

retained in the valley, Outside constant air monitors, assuming thab
particulate activity followed the same pattern as total activity, showed
that ~v T0% of all contamination ﬁs_ collected between 3300 AM and
7:00 AM° Du:ing this period density was v 1 radiocactive particle

(é_? d/m) per ftB of air. - '

On.the basis of these fipﬁngs, a t'en;porary filter similar in
plan to the reactor filter was designed and instalied in the celL'L- Yent
duet, .Conse.quently, 'b_he January Rala run presented a different picture.
A discharge oi‘ v 0.1 curie of activity was estimated by the Technical
Division. |

f‘qr' special stt_:tdy'_of this run the D-stack was monitored by
means of a mobile constant air monitor sa:mpling the stack effluent from
5% below the top inside by meahs of a 1" rubber hose. Filters were
changed every two hours during the first stages of the cygle. The peak
of particulate activity did not coincide with the peak of total activity.
Peak of particle density occurred during tré.nsfer operations from B-6 to
B~19, Total activity also showed a high value at this time, but in
addition 'showed a peak at the end of th‘e‘ evaporation cycle which had no

’

counterpart in particle count, The point of greatest significanee is

e
et
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the fact that paric.:_‘i.cie density was greater on the E p;l.a‘bfoz;m of 706-D,

‘as .detected with both a filtron aﬂd_a USPHS filter, than in the stack

itself, This indicated that particulates were coming through the build-

ing rather than the stack,

3

Two oi‘ the large USPHS filters were trangferred off the plant
area for this run.. One of them, placed 2.5 miles west of the plant,
show9¢_oﬁy 0,003 particles/1000 ££5, The othgf, at Scarboro . School,

6 miles ENE of the_glggt;__spoweg’oogbs particles/1000 £t°, Since the
w:md was we_st_e_rly £hroughouﬁ most of thg run this pattern is as expected.
It is siénii‘ica.n"c that the latter value is higher than the averages of

particle ‘densities detected at the plant area when the immediate vicinity

- of 706D building is excepted,

Both this phenomenon and the fa..ét‘.thg.t a considerable number of
particlgs_;eém to p;sé th:i'éugh the filter indicate that the contaminant
is in the form of e:,:brc_smely small particles, or in droplets or mist which
saturate the filter and are blown off again from the exit side. The
extreme minuteness of the paz;ticles was also indicated in a subsequent
observation. that particulates seem to spread by diffusion during removal
of the product for shipment, even though there is a.nwair draft into the

cell when this gperation is performed.
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Discussioh'*
' Wmle the subgect of thls :anest:.gatz.on was a variation of a
dust problem, little in the prev:x.ously developed dust study techniques
was directly a;_:phcableo ~ The chief point of difference was that the
orde'r of magnitude of contamination or count flx‘ensii_:y levels was totally
different, Dusts éontaining silica are considered to reach a dangercus
concentratioﬁ at levels of 5 ’c.o 50 million particles per i"b3 depending
on :ﬂree s::_’l.:.ca. content whereas, concentrations of rad:.oact:.ve dust,
except occas:x.ona.]_'l.y, were on the order 6f one pa:rtlcle per 1000 i‘b3

a factor of lOlO, Normally f®clean® air may eas:.ly contain 107 dust
parti:cles per £t in’ suspension. As a result, the isolation of a radio-
active particle of micron range is next to impossible even after capture

by filter or other medium,

Many of tﬁe methods used were comparatively gross, but we were
faced with the problem of collecting a mass of information in a short
time, There was usually not time to develop or refing techniques since
many of the effects studied were transitory, CAonstmction of filters,
grassing and paving of the plant area, and general clean-up operations
were in progress during the course of the investigation, so that a2 con-
tinua’c.ion. of an already established procedure gave a better comparison
of conditions than would have any new technique which might be an improve~
ment as regards an approach to an absolute evaluation of level of con-

tamination,
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_ The assumpt:.on that the s‘ed:.mentatn.on frame collec’c.:.ons 5 though

‘ actua]ly cons:.st:.ng mainly of particles ’coo large to cause a breathing

hazard, were a measure of air contamination originating in the reac'tor
was justified by. ﬁhe findings of the cascade impactor sampling of ﬁhe- ’
reactor duct, Even this study did not, however, give a measure of the
concentration of.par}‘;’:‘i.cles of breathable size from this source, in the
working zone of the plaﬁte We can, nevertheless, reasonably assume that
the degfee of imprweﬁent in the lower size range closely follows the .
diminution shown by frame collectio;qs., Judged by this sta.ndard, the
f:.l’cer—house is found teo be doing a satisfactory job of reactor coolant

ajr decontam:.nat:.ono

Results on the major isotope separation processes are neither
as favora.ble nor as clear-cut. There was a great improvement shown in

subsequen’c. runs over the November Rala run, but it has not been establish-

—v"‘)
s ‘

ed that the November run was characteristic. It is noticeable that
dissolver operations of all types, the off-gases from all of which are
vented througﬁ the 200 £t 205 stack, were very seldom noted as contributcrs
to local air contamin;a.tion, while the gaseous or airborne Wastés from the
latter pa.rt of the separation cycles of the isotope processing areze:s,
vented through short stacks, were almost always significant contributors.
It may.be Vhoged ‘chia.t with the use of the new'250 ft isof;oiae stack this
condition m_'l.l be remedied; especially since the wastes w:'x’_‘L'L be passed

through purifiers,
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" kmomn as well as that of the reactor-produced conteminants. It is

E minute', and of high specific astivity, The average half-life is short
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. The nature of the‘cor‘lté.mina.n‘b from the isotc;pe areas is not

kmown that differences exist., A larges fraction of the chemically-

produced activity is waﬁerfsdlubleo A close evaluation“of this factor

is rendered difficult by ‘the co~existence of other contamination in a

|

|
vapor' or fume stat’gA which appears in a radio-autograph as a diffuse ;
c‘ia:'ckeningo La.rg'ev éartiqles e;i:tﬁer 'do not ez:‘:’.st or are very few, as | v
shown by the high ratio of filter-captured particles to whab appears
in the sediﬁleni';ajbion fi‘ames, ’I.t has not be.eﬁ determined whether’ the |
centers of contamination which have been detécted as "particles®
existed in air in the form of solids or liquid droplets. There is

1

!

] {

indirect or presumptive evidence that the Tparticles" are extremely /

compared to that of the reactor produced particles, Furthermore, the
contaminants originatiné in the chemical operations are fres of ©X / .

~emitters, .

Further study on the size distribution and the physical and
qhemic;al nature of the chemically produced partiéles is planned. Thae
work will be done by the University of Rochester. Such information is
needed in any attempt at evaluating tﬁe potential health hazard due to

these particles.

B o Bt
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At the pr;esen'b time ini‘orma.tion\ is insufficient to judge

what he.zard :Li’ any, pa.rt:.culates, such as described, introduce into

2 -0 0o

'the env:ronment of plant personnel and :mhab::.tants of the v:.e:.nlty

of the planto Preylous dust studies have established that dust most

likely to Teach, aid be retained in, the alveoli of the lungs com-

_ prises the size range of ~ 0.5 to 5.0 Mo The- history of particles

> 10 )1 Wh:.ch may get :Lnto 'bhe bronch:.al tract, bub not reach the
alveol:x. has not 'been stud:.ed as they are not s::.gn:.f:.ca.nt from the
po:.nt of v:'..ew of sn.l:.cas:.s hazard. It is. conce:wable that an insoluble
part:.cle of high Speclflc aet:.nty may become lodged in the bronch:.a.l
tract and cause a high degree of local irradiation, ‘I‘he effects of
$rradiation on the protectiv;-: mechanism is unknovm. "l‘here ’is also the
possibilif;y that small insoluble radioactive particles, each by itself .
being :‘.nnocﬁous may be concentrated by phagocytic action to the point

where the accumulated rad:x.au.on level may be damaging.

The fina}'product of the Rala operation is Ba (NO3)2. If this
product is pure and dry, its specifie activity is 0,13 }.10/}13 , so that,
while free of alpha-emitte_z‘s,‘ and also sc;luble s particles small enough
to remain in relatively permanent suspension (~~ 0.3 )1) may contain

iom }lc/ particle.

g T T T T T T T T TR



-

L T e N ’ ) ORNI~283
Particulate Air Contamination at ORNL . page 69

LYy

A f:.nal evalu’catlon of the a.ctual hazard due to rada.oact:.ve
particulate _a:l.r contamlnatlon will entail a long-range program of
patholog:.cal study. The ievel of gross air contamination is well
below the accepted tolerance of 8,5 x 10~8 ye/cc (based on 1131),
except for oceas:.onal short periods in the isotope separation area.
M.thoug)l; @he consensus ’of op:mq.on is that small isolated areas of
'b:‘i.ssue;a(.re more ;_-ad;‘.o—rers'igtant than ai'e large ga.reas; the safety factor
iqt:oqucgd' ﬁqer?by is, at best, a mat'bef of conjecture, After the

‘ prelim:ixﬁry 's’c.udy‘, previoqsly ﬁentioned, has establisheci the size
d;':’.stribution and na.turgi ‘of’ tﬁe various tyfpes of particles produced.
in the difi‘e:wtex?.t dpe;'atiéns' s pathol;gi":g:a.l studies will be required
to traﬂce the ha.story and iﬁi‘luencé of each type of particle in lung

\
tissue,

o McAlduff
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